Abstract. Following a study of gill pathology in African catfish (Clarias gariepinus) and Nile Tilapia (Oreochromis niloticus) from the Sanyati Basin of Lake Kariba, Zimbabwe, a similar survey was carried out in thirteen other common fishes of Lake Kariba. Gill tissues were dissected from the fish, preserved and prepared for histology. The prepared tissue sections were observed under a light microscope. Six histopathological lesions were observed, namely epithelial lifting, hyperplasia, lamellae fusion, parasitic cysts, oedema, and aneurysm. Epithelial lifting was prevalent in all fish species whilst aneurysm was only observed in two fish species. Synodontis zambezensis had the highest prevalence of gill lesions whilst Marcusenius microlepidotus, Brycinus imberi and Micralestes acutidens had the least prevalence of lesions. Most of these histopathological lesions were mild to moderate, and this is suggestive of good health of the fish species investigated. Seventy seven percent of the fish species were infected with monogenean ectoparasites. More research on fish health in Lake Kariba is recommended and future studies should aim to quantify these histological changes in relation to environmental conditions of the lake. This will enable histopathology to be used as a biomarker or predictor of water quality.
INTRODUCTION
Fish as bioindicator species play an increasingly important role in the monitoring of water pollution because they respond with great sensitivity to changes in the aquatic environment. These changes can be measured in terms of biochemical, physiological or histological responses within the fish (MONDON et al. 2001) . Histopathological alterations can be used as indicators for the effects of various anthropogenic pollutants on organisms and are a reflection of the overall health of the entire population in the ecosystem. As an integral parameter, histological changes provide better evaluation of an organisms health than a single biochemical parameter (SWEE et al. 1996) .
Histopathological studies, in laboratory and in field experiments, have proven to be a sensitive tool to detect direct toxic effects of chemical compounds within target organs of fish (SCHWAIGER et al. 1997; MOVAHEDINIA et al. 2012) . Gills are the first target of waterborne pollutants due to their constant contact with the external environment (WOOD and SOIVIO 1991) . Thus, changes in fish gills are among the most commonly recognized responses to environmental stressors and are indicative of physical and chemical stress (MALLAT 1985) . Although they are not diagnostic of particular chemicals or modes of action, the prevalence, severity, and extension of the lesions might be an accurate indicator of the toxicant levels.
Lake Kariba is a man-made impoundment which supports about 41 species of fish, half of them being cichlids and catfishes (KENMUIR 1989) . However, most of these fish species are rarely or never found in catches. The lake supports many commercial and artisanal fisheries, as well as recreational fishing activities such as the annual Kariba Invitational Tiger Fishing Tournamant. It also supports large scale cage-culture of Oreochromis niloticus and crocodile farming, together with their processing plants, all of which discharge their effluents directly into the lake. Some two to three decades ago, there was extensive spraying of the pesticide DDT to destroy malaria-transmitting mosquitoes and tsetse flies in the Kariba valley (MATHIESEN 1985) , and it subsequently contaminated Lake Kariba, accumulating in fish, water birds and even in human breast milk (CHIKUNI et al. 1997) . It is believed that DDT residues are still present in the sediments where they can still potentially threaten benthivorous organisms. In Zimbabwe, no studies on fish pathology have been documented except for one study by MABIKA and BARSON (2013) , who investigated the gill pathology of the African catfish (Clarias gariepinus) and Nile Tilapia (Oreochromis niloticus) from Lake Kariba. Consequently, the objective of this study was to investigate histological abnormalities in gill tissues from the other common fish species in the Sanyati Basin of Lake Kariba.
Study Site
Lake Kariba is situated between Zimbabwe and Zambia around 17°S and 28°E. It is 320km long, has a maximum width of 40km, mean depth of 29.5m, maximum depth of 120m and a surface area at average water level 5 250km 2 . The lake is divided into five distinct hydrological basins of which the Sanyati basin ( Fig. 1) is the most northern and believed to be the most nutrient rich as the Sanyati River drains a large part of Zimbabwes agricultural land into the basin (BALON and COCHE 1974) . Fig. 1 The location of Lake Kariba and the Sanyati Basin, where study sites were located.
MATERIALS AND METHODS
Thirteen fish species were collected by gill nets in the Sanyati basin of Lake Kariba (16°31' S, 28°50' E, 496 m asl) in August 2012. For each species, ten samples were collected. They were all transported to the University Lake Kariba Research Station laboratory in aerated tanks full of lake water. For each individual, the spinal cord was severed before the gills were excised keeping the filaments and rakers intact. Dissecting tools were rinsed in 70% alcohol, washed in distilled water and dried with a paper towel between each dissection. The tissues were fixed in 10% buffered formalin for 24 hours.
The fixed tissues were dehydrated and infiltrated with molten wax on a processing machine. They were embedded in paraffin wax, sectioned into 5µm slices by a rotary microtome and stained using haematoxylin and eosin. The sections were examined and photographed using a Leica Leitz Labor Luxs microscope fitted with a camera (Leica DX 0.32X) and an automatic light exposure unit (Leica Orthomate E). To reduce bias, the codes for individuals were broken only after the final histopathological examination. The prevalence was registered as the percentage of fishes that evidenced lesions. Those lesions that were rarely observed in slides were not described. Histological lesions were described according to the classification proposed by BERNET et al. (1999) . Surface water temperature and dissolved oxygen content were measured using a HACH oxygen meter, conductivity using a WTW conductivity meter and pH using a HACH pH meter. Water pH was 6.9, whilst the mean temperature was 27.7°C. Conductivity was 110.7 µS cm -1 and dissolved oxygen was 6.5 mgl -1 .
RESULTS
A total of 130 fish samples were collected, with ten specimens representing each of the 13 species from five families ( Table 1) . Six histological abnormalities were observed on the gills of these fish, and they comprised: (1) hyperplasia, which is an abnormal increase in the number of cells in a tissue (Fig. 2a) , (2) epithelial lifting (Fig. 2b) , (3) lamellae fusion (Fig. 3) , (4) parasitic cysts (Fig. 4) , (5) oedema (the build-up of tissue fluid in the fish tissues resulting in swelling) (Fig. 5 ) and (6) aneurysm (Fig 6) . Aneurysm is an abnormal blood filled dilation of a blood vessel, which causes disturbances in the flow of blood in the gill. Epithelial lifting and hyperplasia were the majority of histopathological ab- normalities. These histological changes increase the distance between the water and the blood, whilst lamellae fusion reduces the surface area of gills exposed to pollutants. Epithelial lifting was observed in all fish species, whilst hyperplasia and lamellae fusion were observed in 77% and 38% of all fish species respectively (Table 1) . Aneurysm, oedema and parasitic cysts were observed in few fish species. However, the extent of most of these lesions were mild to moderate. Monogenean ectoparasites were also observed in gills of ten (77%) of the fish species examined (Fig. 7) .
Each of the 13 fish species manifested at least two histopathological abnormalities. The brown squeaker Synodontis zambezensis had the highest prevalence (85%) of histological abnormalities, whilst the bulldog Marcusenius macrolepidotus (23%), the silver robber Micralestes acutidens (23%) and imberi Brycinus imberi (23%) had the lowest prevalence of histopathological lesions (Table 1) .
DISCUSSION
The gills of fish are sensitive organs which are easily damaged by numerous pollutants, even at low concentrations (KARLSSON 1983) . According to MOVAHEDINIA et al. (2012) a variety of factors can induce morphological abnormalities in fish gills. These factors may cause almost identical lesions (MALLAT 1985) . In this study, six histopathological gill alterations were observed from the 13 species of fish collected. Alterations attributable to gill parasites were also observed.
Epithelial lifting and hyperplasia were the major histopathological lesions, whilst aneurysm was the least prevalent histological lesion observed in the study. Epithelial lifting is one of the first changes seen in fish gills exposed to toxic substances, such as oils, detergents, ammonia, phenols, acids, and metals like mercury (HEATH 1995) as well as pesticides (JAYACHANDRAN and PUGAZHENDY 2009) , whilst hyperplasia appears as a response to many different irritants Table. 1 Summary of histopathological abnormalities recorded (indicated by X) from the gills of 13 fish species in Lake Kariba, and their prevalence. ( MOVAHEDINIA et al. 2012) . MOYO (1997) , observed that fish that had died in Lake Chivero, Zimbabwe, in a massive fish kill had hyperplastic gills caused by high levels of ammonia in the eutrophic water. These histopathological lesions are examples of defense mechanisms because they increase the distance between the external environment and the blood, thus serving as a barrier to the entrance of contaminants (FERNANDES and MAZON 2003, WANI et al. 2011) . Similar observations were also made by MOVAHEDINIA et al., (2012) , while MABIKA and BARSON (2013) observed them in Clarias gariepinus and Oreochromis niloticus in Lake Kariba. Fusion of adjacent lamellae is normally related to histopathological lesions such as hyperplasia if it is systemic (i.e. occurs in vast areas), or parasitic if only two or three neighbouring lamellae fuse together (MOVAHEDINIA et al., 2012) . In this study, lamellae fusion mainly involved two or three neighbouring lamellae indicating that it was likely to be parasite-induced. This was supported by presence of monogenean parasites which were observed in 77% of the fish species studied. These parasites are possibly the monogenean Bouixella which was previously observed by DOUËLLOU (1992) in S. zambezensis, and also Macrogyrodactylus sp., which was observed by BARSON and PRIKRYLOVA (unpubl. data 2011) . However, in their study on Clarias gariepinus and Oreochromis niloticus in the Sanyati basin, MABIKA and BARSON (2013) did not observe any cysts or parasites in the gills.
According to the classification of histopathologic alterations by POLEKSIC and MITROVIC-TUTUNDZIC (1994), most of the histopathologic lesions observed in this study wee in the mild to moderate stages (i.e. stages 1 and 2). These histological changes are reversible, and would normally indicate good water quality. However, the only exception was aneurysm, which is normally classified under severe stage 3, and was prevalent in two fish species (S. zambezensis and M. longirostris). These two species are notably nocturnal bottom feeders that spend most of their time in water containing suspended sediments (SKELTON 2001 , MARSHALL 2011 , and are therefore more likely to be exposed to contaminants. If these irritants become chronic and increase in concentration, they can lead to severe gill alterations where recovery of the gill structure is not possible even if the water quality improves. This probably explains why S. zambezensis had the highest prevalence of histopathological lesions in its gills compared to the other fish species.
Future studies should aim at quantifying these histological changes in fish so that they can be statistically correlated to the environmental conditions of the lake. This will enable histopathology to be used as a biomarker or predictor of water quality and also contribute to our knowledge of the functioning of the lakes ecosystem.
This study has contributed more information on fish health in Lake Kariba, especially concerning the gill histopathology of some of the more common fish species. While a previous study by MABIKA and BARSON (2013) investigated only two species, this study considered 13 additional species. There is still need for more studies on fish biodiversity and health in Lake Kariba, particularly in the wake of recent concerns about the impact of global climate change and also considering the recent recognition by UNESCO of the Middle Zambezi Biosphere Reserve of which the lake is a major component (http://www.zambezi.co.uk/PDF_files/MZBR_booklet.pdf).
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BADANIA HISTOPATOLOGICZNE SKRZELI TRZYNASTU POSPOLITYCH GATUNKÓW RYB W ZLEWNI SANYATI, JEZIORO KARIBA, ZIMBABWE STRESZCZENIE Wzoruj¹c siê na studium zmian patologicznych suma afrykañskiego (Clarias gariepinus) i tilapii nilowej (Oreochromis niloticus) ze zlewni Sanyati przeprowadzono analogiczne badania na trzynastu pospolitych gatunkach ryb z jeziora Kariba, Zimbabwe. Tkanka skrzeli by³a konserwowana i preparowana pod k¹tem analizy histologicznej; po utrwaleniu obserwowano j¹ w mikroskopie wietlnym. Stwierdzono szeae rodzajów zmian histopatologicznych tj. odstawanie nab³onka, przerost nab³onka, zrost listków skrzelowych, cysty form larwalnych paso¿ytów, obrzêk, anewryzm. Odstawanie nab³onka by³o dominuj¹c¹ zmian¹ u wszystkich gatunków, podczas gdy anewryzm obecny by³ tylko u dwóch gatunków. U Synodontis zambezensis stwierdzono najwy¿sz¹ prewalencjê zmian patologicznych tkanki skrzeli, a najni¿sz¹ u Marcusenius microlepidotus, Brycinus imberi i Micralestes acutidens. Wiêkszoae objawów chorobowych by³o niegronych lub umiarkowanych, co sugeruje ogólnie dobr¹ zdrowotnoae badanych ryb. Znaczny odsetek ryb (77%) by³ zara¿ony ektopaso¿ytniczymi skrzelowcami z grupy Monogenea. Wnioski z pracy pozwalaj¹ zaleciae zintensyfikowanie prac badawczych nad zmianami histopatologicznymi u ryb i zastosowanie ich jako indykator jakoci wody i kondycji rodowiskowej jeziora.
